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(54) improvements in or relating to semiconductor devices 



(57) An embcxdiment of the instant invention is a 
method ol removing inorganic contamination (rom sub- 
stantially the surface of a semicondijctor substrate, the 
method comprising Ihe steps ol: reacting the Inorganic 
contamination with at least one conversion agent, there- 
by converting the inorganic contamination; removing the 



converted inorganic contamination by subjecting it to at 
least one solvent agent, the solvent agent is included in 
a first supercritical fluid (prelerably supercritical CO^); 
and wherein the converted inorganic contamination is 
more highly soluble in the solvent agent than the inor- 
ganic contamination. 
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Description 

The instfinl invention pertains lo semiconduclor de- 
vice labiicalion and processing and more specifically to 
the removal ot inorganic coniaminalion al the surface of 
a semiconductor structure. 

BACKGROUND OF THE INVENTION 

In the manufacture of. for example, integrated cir- 
cuils and liquid crystal displays, contamination of the 
substrate and subsequent semiconductor layers causes 
many problems and should be reduced as much as pos- 
sible. Examples of such contamination are residual par- 
ticulates, organics, and metals. In addition, contami- 
nants may be situated on the surface of the semicon- 
ductor layer, or they may be situated between the sem- 
iconduclor layer and another layer (e.g. an oxide layer). 
Typically, wel-processing is utilized in the fabrication of 
semiconductor devices. A wel cleidning process may 
consist of a sequence of particle removal and metal re- 
moval steps, with a rinsing step performed between 
them, and concluding with a drying step. Drying is typi- 
cally accomplished either by spinning the wa(er so that 
the liquid on the wafer will bo spun off or by raising the 
wafers from a cloud of hoi isopropyl alcohot vapor which 
condenses on the surface of the wafer and displaces 
the water. 

This type of wet cleaning process suffers from a par- 
ticularly serious drawback. specificaJly, most metal re- 
moval processes of this type (typically consisting of 
strongly acidic mixtures) add particles to the surface of 
the wafer, and particle removal processes (typically 
comprised of basic/oxidant mixtures) add metals to the 
surface of the wafer. In addition, most wet cleaning proc- 
esses suffer from the problems of: expense of obtaining 
electronic-grade wet chemicals; expense of disposing 
of the caustic chemicals which are used in wet cleaning 
processes; liquid surface tension limiting or preventing 
access of wel chemical cleaning to high aspect ratio fea- 
tures, like trenches; and lack of harmonization with all 
dry processing (which is utilized more frequently in sem- 
iconduclor processing). Hence, a metal removal step 
\o\\oweC by a particle removal step will result in residual 
metals, while the reverse process resuUs in fewer par- 
ticles but can become contaminated with metals by the 
final rinsing. 

Supercritical fluids (namely, supercritical caibon di- 
oxide) have received much attention, lately. This is es- 
pecially true in the area's involving decaff eination of cof- 
lee and linen/tine clothing dry cleaning. In addition, su- 
percritical CO2 can be used in the removal of organic 
contaminates trom semiconductor waters. Soc Interna- 
tional Journal of Environmentally Conscious Design & 
IVIanufacturing, Vol. 2. p. 83 (1 993) (staling "supercritical 
carbon dioxide is best applied to the removal of organic 
compounds with mid-torlow volatilities"). However, su- 
percritical CO2 is generally regarded as ineffective in 



cleaning inorganic contaminants (namely, metals) from 
semiconduclor wafers. 

Relating to another field, a group of researchers 
have discovered a way of removing metals from vege- 

5 tation by subjecting the vegetation to supercritical COo 
and neutralizing the metals with chelating agents. See 
Elizabeth K. Wilson, Toxic Metals Extracted with Super- 
critical Carbon Dioxide. C&EN 27 (April 15. 1996); and 
U.S. Patent No. 5,356,533. However, this work states 

10 that "by itself, nonpolar supercritical CO2 is almost use- 
less for solvating positively charged heavy-metal ions. 
However, researchers have discovered that metals can 
be solvated it they are first neutralized by chelating 
agents and, furthermore, thai the solvency increases 

15 dramatically when the chelating agents are fluorinated. 
" Id. at 27. However, there are several problems with this 
approach First, there is a difficulty removing uncharged 
metals. Second, unfluorlnated chelating agents are ex- 
pensive. Third, mass scale synthesis of fluorinated 

20 chelating agents is expensive. Fourth, fluorinated and 
unfiuorinated chelating agents are highly toxic and ex- 
pensive to purify and dispose of. Fifth, there is a limited 
range of metals that can bs readily solvated by the fluor- 
inated chelating agents. Sixth, diffusion of unchelated 

2S motals into an underlying semiconductor substrate 
would be disastrous using the methodology of this pub- 
lication. 

It is, therefore, an object of the instant invention to 
provide a method ol removing metal contaminants from 
30 semiconductor wafers. It is another object of the instant 
invention to provide a method of removing inorganic 
contaminants from semiconductor wafers. 

SUf^MARY OF THE INVENTION 

35 

In summary, one embodiment of the instant inven- 
tion is a method which overcomes the problems in- 
volved with chemical modification of the ionic and neu- 
tral, light and heavy inorganic (metal) species and which 

40 renders these ionic and neutral, light and heavy inorgan- 
ic (metal) species soluble upon exposure to convention- 
al, inexpensive, high purity nontoxic solvents The 
method of the instant invention includes the steps of 
chemically altering the metal (inorganic) contaminants 

45 on the surlaco of the native oxide (which overlies the 
semiconduclor substrate). This Is preferably accom- 
plished using a very broad spectrum of modification 
agenls/chemicals, and the metal alteration may occur 
before or during exposure to a supercritical fluid (pref- 

50 arably COg). Next, the chemically-altered metal is ex- 
posed lo a conventional solvent incorporated wittiin a 
supercritical CO2 fluid. Finally, the conventionally-sol- 
valcd. chomically-altcrcd metal is removed in the super- 
critical CO2 medium. Key aspects of this invention are 

55 that the inorganic contaminant is not soluble in the su- 
percritical CO2 fluid without prior chemical alteration, 
and the chemically-altered inorganic contaminant may 
be removed by the solvent simultaneously with the 
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chemical attoration step. 

An embodiment of Ihe instant Invention Is a mGlhod 
ol removing inorganic contamination from substantlaiiy 
the suflace of a semiconductor substrate, the method 
comprising Ihs steps of: reacting the inorganic contam- 
ination with at teast one conversion agent, thereby con- 
verting the inorganic contaminatbn; removing the con- 
verted Inorganic contamination by subjecting it to al 
least one solvent agent, the solvent agent is included in 
a first supercritical fluid (preferably supercritical COg); 
and wherein the converted inorganic contamination is 
more highly soluble in the solvent agent than the inor- 
ganic contamination. Preferably, the conversion agent 
is selected from the group consisting of: an. acid agent, 
a basic agent, a chelating agent, a llgand agent, a hal- 
ogen-containing agent, and any combination thereol. 
Preferably, the inorganic contamination is situated on 
subsianiially ttie surface of a native oxide which overfies 
the substrate, and It may consist of metal contamination. 
The conversion agent may be included in a second su- 
percritical fluid, which is prefeiably supercritical CO2. 
Tho steps of reacting the inorganic contamination with 
at least one conversion agent and removing the convert- 
ed inorganic contamination by subjecting it to at least 
one solvent agent may ho performed simultaneously or 
sequentially Preferably, the solvent agent is selected 
from the group consisting of: a polar gas, a nonpolar 
gas, a polar supercritical fluid, a nonpolar supercritical 
fluid, a polar species, a nonpofar species, a siirfactants, 
a detergent, a amphoteric material, or a chelating agent. 

Another embodiment of the instant Invention is a 
method of removing metallic contamination from sub- 
stantially the surface of a semiconductor substrate, the 
method comprising the steps of: reacting the metallic 
contamination with at feast one conversion agent there- 
by converting the metallic contamination, the conver- 
sion agent is included in a first supercritical COg fluid; 
removing the converted metallic contamination by sub- 
jecting it to at least one solvent agent, the solvent agent 
is included In a second supercritical CO2 fluid; and 
wherein the converted metallic contamination is more 
highly soluble in the solvent agent than the metallic con- 
tamination. The steps ol reacting the metallic contami- 
nation with at least one conversion agent and removing 
the converted metallic contamination by subjecting it to 
at least one solvent agent may be perlormed simultane- 
ously or sequentially. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention witi now be further described, 
by way of example, with reference to the accompanying 
drawing in which:- 

FIGURE 1 IS a schematic drawing of a sample 
cleaning system in accordance with an embodiment ol 
the Instant invention. 



DETAILED DESCRIPTION OF THE INSTANT 
INVENTION 

FIGURE 1 illustrates a process system which can 
5 be utilized to implement the method of the Instant inven- 
tion. The sample to be cleaned (the semiconductor wa- 
fer with inorganic contamination present) is held in con- 
tainer 16. A supercritical fluid (preferably a COo gas) is 
supplied from a gas reservoir 28 which is connected by 
fo a conduit 30, which includes valve 32, to a pressuriza- 
tion unit 34 that increases the pressure on the gas to 
greater than approximately 70 to 75 atmospheres at a 
temperature greater than approximately 32'*C lo form 
the supercritical fluid. The supercritical fluid (SCF) trav- 
'5 els through valve 36 and conduit 38 to a reservoir 12 (as 
long as valves 1 and 3 are open and valve 2 is closed) 
that holds a solid, liquid, or gas modification ageni(s). 
Possible modification agents are listed below. The passr 
Ing of the SCF through the modification agent acts to 
20 Incorporate ihe modification agent inio the SCF The 
SCF incorporated with the modification agent to leave 
reservoir 12 and enter container 16. The SCF mixture 
and inorganic contamination are introduced, resulting In 
the modification of ihe inorganic contamination. 

Subsequent to or simultanoous wit(i modification of 
the inorganic contamination on the semiconductor sam- 
ple by the modification agent, the SCF travels through 
valve 36 and conduit 38 lo reservoir 14 which holds a 
solid, liquid, or gaseous solvent ag6nt(s). This isaccom- 
^0 plished by closing valves 1 . 3, and 5 and opening vaives 
2, 4, and 6. The passing of the SCF through the solvent 
agent acts to incorporate the solvent agent into the SCF 
The SCF incorporated with the solvent agent leaves res- 
ervoir 14 and enters chamber 16. The SCF mixture and 
35 modified inorganic contamination are introduced, there- 
by resulting in the removal of the modified inorganic con- 
tamination from the surface of the sample (preferably a 
semiconductor wafer). 

The modified inorganic contaminant and the CO2 
•40 are removed and passed through depressurization 
valve 18 such that the inorganic contaminant precipi- 
tates in container 20. The COg gas is then recycled by 
pump 24 through line 26 lo resen/oir 28. The inorganic 
contaminants can be removed via line 22. 
^5 One embodiment of the instant invention is a meth- 
od ol removing inorganic contamination (preferably met- 
als) from the top monolayer of a conductive, semicon- 
ducljve, or Insulating layer. The "lop rTX)nolriyer" gener- 
ally I efers to the top 5)im of the layer, and tlie layer Is 
so generally comprised of an oxide (probably a native oxide 
layer). 

In general, this embodiment of the instant invention 
is a method to remove inorganic contamination, includ- 
ing metals, from substrate surfaces or the surface of a 
55 native oxide, grown on the substrate, by chemical con- 
version of the inorganic material to a different material 
that has higher solubility in a solvent for subsequent re- 
moval by Ihe solvent In a supercrilical fluid (preferably 
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supercritical CO^). Moro specifically, the method ot this 
embodiment would preferably comprise the steps of: re- 
acting the inorganic contamination with a conversion 
agent; and removing the converted inorganic contami- 
nation product with a solvent (which is preferably com- 
pletely or partiaHy contained within a supercritical fluid, 
such as COg). The conversion agent may be an acid 
(preferably KCN. HF, HCl. or Kl), a base (preferably 
NH4OH. KOH. or NF3), a chelating and/or ligand agent 
(preferably dibetaketone), or a halogen-containing 
agent (preferably CO. HN3, NO, COS. HN4OH, water, 
or H2O2). The conversbn agent may be introduced to 
the semiconductor wafer by vapor exposure, plasma ex- 
posure, or incorporating the conversion agent in a su- 
percritical fluid (preferably COg) and exposing the wafer 
to this combination. The solvent may be comprised of a 
polar gas (prelerably CO, COS, NO, NH3. or NF3), non- 
polar gases (preferably N2, H2. O2, or F2). polar SCF 
(preferably NO2). nonpolar SCF (preferably CO2}. a po- 
lar species (prelerably waler, ethanol, meihanoi, ace- 
tone, or glycol), a nonpolar species (preferably tetrahy- 
drofuan, or dimelhyllormamide), surfactants, deter- 
gents, or amphoteric materials (preferably sodium do- 
decyl sulfate, quaternary ammonium salts, or catlonic. 
anionic, nonlonic or 2wittorionic surfactants), or a chclal- 
ing agent (preferably bela-dlketone, fluorinaied or un- 
fluorinated crown ether). 

Although specific embodiments of the present in- 
vention are herein described, they are not to be con- 
strued as limiting the scope of the invention. Many em- 
bodiments of Ihe present invention will become appar- 
ent to those skilled in the art in light of methodology of 
the specification. 

Claims 

1 . A method of removing inorganic contamination from 
subslantially the surface of a semiconductor sub- 
strate, said method comprising the steps of: 

reacting said inorganic contamination with at 
least one conversion agent, thereby converting 
said inorganic contamination; 
removing said converted inorganic contamina- 
tion by subjecting it to at least one solvent 
ageni, said solvent agent being included in a 
first supercritical fluid; 

and wherein said converted inorganic contam- 
ination is more highly soluble in the solvent 
agent than said inorganic contamination. 

2. The method ol Claim 1 . further comprising selecting 

said conversion agenl Irom a group consisting ol: 
an acid agent, a basic agent, a chelating agent, a 
tigand agent, a halogen-containing agent, and any 
combination thereof. 



3. The method of Claim 1 or Claim 2, wherein said re- 
moving step comprises subjecting said converted 
Inorganic solvent to a first supercritical fluid com- 
prising supercritical COg, 

5 

4. The method of any of Claims 1 to 3, further com- 
prising reacting an inorganic contamination situated 
on substantially the surface of a native oxide which 
overties said substrate. 

10 

5. The method of Claim 1 , Claim 3 or Claim 4. further 
comprising selecting a conversion agent included 
in a second supercritical fluid. 

'5 6. The method ot Claim 5, wherein said step of select- 
ing said second supercritical fluid comprises select- 
ing supercritical COg. 

7. The method of any preceding claim, wherein said 
20 steps of reading said inorganic conlaminalion with 

at least one conversion ageni and removing said 
converted inorganic contamination by subjecting it 
to at least one solvent agent are performed simul- 
taneously. 

8. The method of any preceding claim, wherein said 
removing step comprises subjecting said converted 
inorganic solvent to a solvent agent selected from 
a group consisting of: a polar gas, a nonpolar gas, 

30 a polar supercritical fluid, a nonpolar supercritical 
fluid, a polar species, a nonpolar species, a sur- 
factants, a detergent, a amphoteric material, or a 
chelating agent. 

3S 9. The method of any preceding claim, wherein said 
step of reacting said inorganic contamination com- 
prises reacting a metal contamination. 

10. A method of removing metallic contamination Irom 
^0 substantially the surface of a semiconductor sub- 
strate, said method comprising the steps of: 

reacting said metallic contamination with at 
least one conversion agent thereby converting 

said metallic contamination, said conversion 
agent being included in a first supercntical COg 
fluid; 

removing said converted metallic conLamina- 
tion by subjecting it to at least one solvent 
so agent, said solvent agent is included in a sec- 

ond supercritical CO^ fluid; 
and wherein said converted metallic conlami- 
nation is moro highly soluble in the solvent 
agent than said metallic contamination. 

SB 

11. The rriethod of Claim 10, wherein said steps of re- 
ading said metallic contamination wilh at least one 
conversion ageni and removing said converted me- 
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tallic contaminalion by subjecting It to at least one 
solveni ageni Fife performed simultaneously. 
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(57) An embodiment of line instant Invention is a 

method of removing inorganic contamination Irom sub- 
stantially the surface of a semiconductor substrate, the 
method comprising the steps of: reacting the inorganic 
contamination with al least one conversion agent, there- 
by converting the inorganic contamination: removing the 



converted inorganic contamination by subjecting it to at 
least one solvent agent, the solvent agent is included in 
a first supercritical fluid (preferably supercritical CO^); 
and wherein the converted inorganic contamination is 
more highly soluble in the solvent agent than the inor- 
ganic contamination. 
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